This study aims to investigate the role of environmental system knowledge in promoting pro-environmental behaviors. Relationships between environmental knowledge and environmental attitudes as well as environmental knowledge and pro-environmental behaviors were analyzed. Environmental system knowledge includes knowledge of political ecology, sustainable development, environment and ecology, and environmental situations. This study included 128 students enrolling in the elective course entitled "Environment and Development" provided by the King Mongkut's University of Technology Thonburi in Bangkok city of Thailand and 150 students who were not participating in this course. The results revealed that environmental attitudes of students participating in the course was significantly higher than that of students not attending the course. Only knowledge of the environment and ecology highly correlated with environmental attitudes; on the other hand, diverse environmental knowledge significantly correlated with pro-environmental behaviors. The result also demonstrated that indirect impact environmental behaviors reported by both groups were statistically different, but there was no significant difference in direct impact environmental behaviors. This study suggested that environmental knowledge provided through a formal education could promote environmental attitudes, but it may not contribute to students' engagement in direct impact environmental behaviors.
Introduction
Many higher education institutes have tried to promote students' pro-environmental behaviors (PEBs). Students are expected to participate in both direct and indirect impact PEBs. Direct impact PEBs include the acts that directly contribute to environmental improvements such as reuse and recycling behaviors and energy-saving behaviors; however, indirect impact PEBs refer to the acts that have no direct effects on better environmental change, but potentially shape the way how the environment is managed [1] . Indirect impact PEBs are include supporting environmental policy and preference to work with environmentally responsible organizations. Students could take an important role in bringing sustainability to the society by participating in both types of PEBs. Formal environmental education, such as providing environmental courses, has been used as one of important channels to educate students with environmental values and significance of environmental conservation and protection in order to promote environmental citizenship among university students [2, 3] . The study of Pizmony-Levy & Michel [4] found that learning about environmentalism and sustainable issues in class In terms of knowledge measurement, environmental knowledge is divided into two types, including subjective and objective knowledge [31] . Subjective knowledge refers to people's own perception of understanding about the environment, whereas objective knowledge refers to actual knowledge that people possess [40] . Martin and Simintiras' [41] study found no correlation between these two types of knowledge. People's misunderstanding of their actual knowledge might cause ineffective decision making to take environmental actions. In terms of scale, environmental knowledge can be classified into two types: general environmental knowledge and specific knowledge [12] . General environmental knowledge is defined as "general knowledge of facts, concepts, and relationships concerning the natural environment and its major ecosystems," while specific environmental knowledge means knowledge relevant to particular environmental issues such as knowledge and behavioral consequences related to particular environmental behavior [39] . Taufique et al.'s [42] study measured levels of general knowledge by analyzing the degree to which people are familiar with contemporary pressing environmental issues, such as "climate change," "greenhouse gas," etc. Previous studies revealed diverse findings regarding the impact of both general and specific environmental knowledge on PEBs. Ellen [43] , Frick et al. [10] , and Ogbeide et al. [44] found in their studies that specific environmental knowledge has a more significant impact on environmental behavior. The study of Polonsky et al. [12] revealed that both general and specific environmental knowledge levels assist US consumers in making environment-friendly consumption decisions. A more recent study by Taufique et al. [42] found that both general environmental knowledge and issue-specific environmental knowledge (e.g., eco-label knowledge) positively influence consumer attitudes toward the environment in driving ecologically conscious consumer behavior.
In universities, several environmental knowledge-related subjects are taught to students to cultivate their understanding of ecological values, problems, awareness, and preferred environmental practices, but the actual contribution of that educated knowledge to positive environmental attitudes and engagement in diverse types of PEBs is not clear. While many previous studies have investigated the relationship between environmental knowledge and attitudes, as well as association among environmental knowledge, attitudes, and behaviors, it was noticed that environmental knowledge explored by those studies was mostly investigated based on measurement of subjective knowledge, which may not reflect their actual knowledge (objective knowledge). Kaiser and Fuhrer [38] also added that the influence of environmental knowledge on pro-environmental behavior has been underestimated because the underlying structure of environmental knowledge has not been addressed adequately. They suggested that it is necessary to consider different forms of environmental knowledge to understand their effects on pro-environmental behavior.
This study aims to investigate how several types of environmental system knowledge taught in a university are essential to promote students' environmental attitudes and PEBs including both direct and indirect impact PEBs. The study also explores whether positive environmental attitudes are associated with students' participation in both types of PEBs and investigates types of environmental system knowledge that correlate with environmental attitudes and PEBs. Objective environmental knowledge of students will be measured based on the evaluation of actual knowledge acquisition. Namely, students will be taught environmental knowledge, and their knowledge will be tested. Types of environmental knowledge included in this study are knowledge of political ecology, sustainability, natural characteristics of the environment and ecology, and knowledge of environmental situations. The results of this study clearly indicate whether environmental knowledge could affect students' environmental attitudes and PEBs and provide an implication for developing an effective environmental education.
Roles of Environmental Knowledge in Promoting Environmental Attitudes and Pro-Environmental Behaviors

Types of Environmental Knowledge
Kaiser and Fuhrer [38] and Frick et al. [10] suggest that environmental knowledge can be classified into three types: system knowledge, action knowledge, and effectiveness knowledge. System knowledge refers to the natural characteristics of environmental and ecological systems regarding the relationship between organisms and ecosystem functions. It also includes human-environment relationships such as causes of environmental problems due to human development systems. For instance, people educated with this type of knowledge should be able to understand why carbon dioxide (CO 2 ) is a problem, where groundwater comes from, why ozone is a problem, and how long it will take for complete regeneration of the ozone layer after all ozone-destroying emissions are eliminated [10] . Dietz et al. [45] propose that to manage resources at an organizational level sustainably, responsible organizations should acquire this type of knowledge including both resource systems and human-environment interactions to understand natural variability, uncertainty, and the relative causes of and effective solutions to environmental change. Berkes et al. [46] add that the combination of different knowledge systems potentially contributes to effective judgment on the ways to tackle environmental change. Moreover, Díaz-Siefer et al. [47] found that at an individual level, environmental system knowledge focusing on global environmental problems closely related to pro-environmental behavior of students.
Action knowledge is relevant to behavioral choices and course of environmental actions that can reduce the environmental problems we face [10] . Other scholars also define action knowledge as a type of environmental knowledge that should be understood by individuals and organizations to create the capacity to minimize and eliminate environmental problems [18, 38] . People educated with this knowledge should be able to understand the types of actions that potentially solve environmental problems. Effective knowledge refers to the effectiveness of environmental actions or behaviors in solving environmental problems or protecting the environment. It emphasizes the qualification of actions that can contribute to the greatest environmental benefit [10] . For instance, people educated with these types of knowledge should be able to recognize the types of packing that is the most or least damaging to the environment.
It can be stated that action and effective knowledge potentially enhance people's capacity to perform PEBs and could finally contribute to people's decision to participate in PEBs. The results concerning the influence of system knowledge on people's environmental attitudes and behaviors are diverse. Frick et al. [10] indicated no effect of system knowledge on PEBs. In contrary, other scholars noted the possibility of system knowledge to influence PEBs [48, 49] . System knowledge can enhance people's understanding of environmental values as well as the interaction between human and nature; thus, environmental attitudes can be formed, leading to the decision to engage in PEBs. Fielding and Head [49] suggested that human-environment system knowledge can induce an internal locus of control in relation to the environment and/or guilt for the environment, which is known to improve PEBs.
Considering types of system knowledge that are in the environmental discipline, several concepts and issues reflecting both environmental and ecological systems and functions (geography-environment system knowledge) and environmental problems caused by human development systems (human-environment system knowledge) have been developed and taught in environmental courses. Political ecology and sustainable development are the concepts relevant to the human-environment system knowledge; on the other hand, the knowledge issues relevant to geography-environment system knowledge are basic knowledge of environmental and ecological systems and the current state of environmental situations. These concepts and issues can be explained as follows:
Political ecology is the concept that illustrates the interconnection between environmental and political, socio-economic conditions [50] . The concept addresses the contribution of state policies to land use and environmental change and the ways global forces influence national, regional, and local scales of environmental governance [51] .
Sustainable development (SD) is the concept that relates environmental issues with economic and social development [52] . The concept was published in Brundtland Report and disseminated in 1987 by the World Commission on Environment and Development. In the Brundtland Report, SD was conceptualized as "the development that meets the needs of the present without compromising the ability of the future generations to meet their own." [53] . More simply, the concept of SD refers to the development approach that aims to reach a dynamic equilibrium between the social and economic aspects while caring for the natural environment [54] .
Concepts related to environment and ecology refer to the fundamental understanding of environmental characteristics and ecological systems. Ecology is the scientific knowledge of interactions among organisms and their environment. The concept also provides an understanding of diverse ecosystems and their functions. The environmental characteristics focus on the interactions among the chemical, biological, and physical components of the environment and the effects of these interactions on all types of organisms [55] .
Environmental Situations refer to knowledge relevant to environmental issues, including global and local environmental problems, which have concerned the general public and society. These problems include climate change, global warming, ozone depletion, depletion of natural resources, deforestation, and loss of biodiversity [56] . This includes scientific knowledge explaining the causes of environmental problems, their situations, potential impacts, and effective solutions.
Relationship between Environmental Knowledge, Environmental Attitudes, and Pro-Environmental Behaviors
The relationship between environmental knowledge and environmental attitudes has been widely explored across the world. The results are diverse, depending on regions and types of PEBs. Some studies found a strong relationship between knowledge and positive environmental attitudes [32, 57, 58] . Conversely, it has also been contended that high levels of individual environmental knowledge may not necessarily lead to the development of positive environmental attitudes [59] . The study of Kollmuss and Agyeman [18] and Olli et al. [19] revealed a weak relationship between environmental attitudes and PEBs. Arcury [60] applied NEP (New Environmental Paradigm: Dunlap and Van Liere 1978) to measure environmental attitudes, and their results showed a positive relationship between knowledge and attitudes, up to r = 0.33. Similarly, Bradley et al. [61] investigated the effect of environmental science knowledge on environmental attitudes of students. The result revealed that attitudes significantly correlated with knowledge in the pre-test (Pearson's r = 0.19 with p = 0.004) and the correlation value also increased in the post-test (Pearson's r = 0.27 with p < 0.001), after learning program participation.
Environmental knowledge is also found to correlate with PEBs. Environmental knowledge can enhance people's capability as well as drive their motivation to perform PEBs. In addition, knowing current environmental situations could allow people to construct environmental concerns and a sense of urgency, which would, in turn, affect their decision to take environmental actions. Barber et al. [31] stated that people who have greater knowledge of environmental problems would be more motivated to act toward the environment in more responsible ways. Conversely, inadequate knowledge or having contradictory environmental information potentially limit PEBs [62] . Many studies insisted that having a more in-depth knowledge of environmental issues enhances individuals' likelihood to participate in environment-friendly actions [18, 38, 63] . Oguz et al. [33] also supported this finding; namely, people with a proper understanding of environmental problems, relative causes, and potential impacts are more willing to behave responsibly toward the environment. Environmental knowledge potentially contributes to people's formation of environmental awareness and concerns. Thus, the decision to participate in PEBs can be consequently made [25, 64] . Barber et al. [31] also added that knowing environmental problems and actual causes allow people to construct motivation, leading to the decision to participate in PEBs. In contrary, many studies provided empirical evidence that there was no significant relationship between environmental knowledge and pro-environmental behavior [34, 65] .
For instance, Bartiaux [65] and Oguz et al. [33] demonstrated that although people acquired knowledge of environmental issues, their knowledge did not positively correlate with their environmental actions.
Hypotheses
This study will first investigate whether environmental system knowledge contributes to university students' environmental attitudes and PEBs by comparing levels of environmental attitudes and PEBs reported by university students who were taking environmental course and who were not taking the course. PEBs in this study include direct and indirect impact environmental behaviors. Stern [1] stated that direct impact PEBs refer to behaviors that directly contribute to environmental protection and/or improvement, and indirect impact PEBs refer to practices that indirectly promote or support environmental protection and/or improvement. For the investigation, this study selected PEBs that university students can practice on an everyday basis and are heavily promoted by the university. These behaviors are energy saving and sustainable waste management including waste separation, waste avoidance, and reuse and recycle activities. For indirect impact PEBs, this study investigates students' environmental policy support and environmental organization support. In consideration of environmental knowledge, this study will explore objective environmental knowledge, reflecting actual knowledge possessed by students. According to Kaiser and Fuhrer [38] , environmental system knowledge refers to the following: (1) knowledge of environmental and ecological systems (geography-environment system knowledge) and (2) knowledge of environmental problems caused by human development systems (human-environment system knowledge). This study will explore four types of environmental contents-which reflect the core concept of system knowledge-on their contribution to environmental attitudes and PEBs. They include the concept of political ecology, SD, environment and ecology, and environmental situations. Such contents provide understandings on how environmental and ecological systems function, how each element in ecological systems is interconnected with the other, how the environment and human influence each other, and how the current environmental problems are. It is assumed that if students acquire these understandings, they will have a recognition of environmental values, awareness, concerns, and motivation to behave environmentally. Thus, students will have positive environmental attitudes and/or decide to participate in both direct and indirect ecological impact behaviors. The first research hypothesis is defined as follow: Hypothesis 1. Students who participate in the environmental course have more positive environmental attitudes and higher levels of PEBs (both direct and indirect environmental impact behaviors) than those who do not participate in the course.
Second, the study will explore the correlation between environmental attitudes and PEBs including both direct and indirect impact PEBs. Many previous studies revealed diverse findings. This study assumes that students with positive environmental attitudes relatively engage in both types of PEBs at a significantly higher level. The research hypothesis is defined as follow: Hypothesis 2. Environmental attitudes highly correlate with direct and indirect impact PEBs.
Third, the study will investigate types of environmental system knowledge (political ecology, SD, environment and ecology, and environmental situations), which could promote students' environmental attitudes and engagement in both types of PEBs. The research hypotheses are defined as follows:
Hypothesis 3. Every kind of environmental system knowledge differently correlates with environmental attitudes.
Hypothesis 4.
Each type of environmental system knowledge differently correlates with direct and indirect impact PEBs.
Methods
Participants and Ethical Issue
Participants of this study were bachelor students of the King Mongkuts' University of Technology Thonburi, in Bangkok city, Thailand. The participants were divided into two groups including those who were taking an elective course entitled "Environment and Development" in the academic year of 2018 (experimental group) and those who were not taking this course (control group). Regarding the experimental group, there were 131 students enrolling in the course; however, 128 students decided to participate in this research. In addition, the simple random sampling method was applied to select the participants who were not taking this course. One hundred fifty participants were not taking this elective course, and these participants had similar characteristics with those who were taking the course. Namely, they relatively were in the same educational level and from the same academic disciplines. This research had received ethical approval from the ethical research community of the School of Liberal Arts. Before the data collection, all participants were informed about the research objectives, data collection methods, and the right to withdraw from the study and informed that their participation was voluntary. A group of participants enrolling in the "Environment and Development" course were additionally informed that their participation or non-participation would cause no impact on their academic performance evaluation.
Characteristics of participants in the experimental group and control are illustrated in Table 1 . Participants in both groups had similar characteristics. The proportion of male participants in the experimental group and the control group were 40.63% and 43.3%, respectively. Female participants accounted for 59.38% in the experimental group and 56.7% in the control group. The average age of participants in both groups were almost equivalent, 21 years old. Their average grades were almost equivalent, 2.65 for the experimental group and 2.71 for the control group. Regarding the school level, most participants were in the third and fourth years of university level. The number of participants who were in other levels such as the second year or more than the fourth year was small in both the experimental and control group. The majority of participants in both groups were from the school of engineering and sciences, and a very small number of participants were from other schools such as technical education and information technology. The experimental group, participants taking "Environment and Development" course, were taught about relevant environmental contends that included the concept of political ecology, SD, knowledge of environment and ecology, and environmental situations. These contents are normally taught in this course, but their contribution to promoting students' environmental attitudes and PEBs was never tested. The learning and teaching activities had lasted for seven weeks (three hours per week); after that, participants participated in the examination where their knowledge acquisition was evaluated based on their understanding. Characteristics of the test are demonstrated in Table 2 . Each type of knowledge acquisition will be evaluated based on the scale of three ranging from 0 = no knowledge acquisition to 3 = full knowledge acquisition. 
Measurement of Environmental Attitudes and PEBs
Questionnaire surveys were conducted with the experimental group and control group after teaching and testing activities were completed. Content validity of the questionnaire was performed based on face validity technique, and it has been tested with 20 students whose characteristics were similar to the sampling group. The questions used to measure environmental attitudes were applied from the New Ecological (Environmental) Paradigm proposed by Dunlap et al. [15] . Originally, the revised New Ecological Paradigm contains 15 items reflecting an individual's belief about human-nature relationship. In this study, in measuring students' environmental attitudes, only 6 items were selected based on the consideration of students' ability to interpret and understand the items. This could avoid errors in data collection. For measuring the participation in PEBs, participants were asked to indicate their frequency of involvement in a list of direct and indirect impact PEBs. Items for measuring students' participation in both types of PEBs were developed based on students' capability to perform and be involved in, and based on the current situation which some types of PEBs were being promoted by the university. Those were such as denying receiving a plastic bag when purchasing a few items from a convenient store or using cotton bags instead of plastic bags. Questions used for data collection are mentioned in Table 3 . Table 3 . Variable, questions, and response categories.
Variables Questions
Environmental attitudes
The balance of nature is very delicate and easily upset. I support goods and services from enterprises that take care of the environmental issue in their business operation.
Both public and private organizations should have environmental strategies allied with organization goals.
Data Analysis
All corrected data were inspected. The internal consistency of the scales, which were used for measuring environmental attitudes and PEBs, were tested by Cronbach's alpha. The results revealed that the values of Cronbach's alpha were above 0.7. This represents reliability of data gain form the surveys. Kolmogorov-Smirnov (K-S) tests were first performed to test the normality of distribution. Subsequently, a t-test was conducted to measure the difference in the mean of environmental attitudes and the engagement level in PEBs reported by experimental group and control group. Moreover, the analyses of correlation between environmental knowledge and attitudes, between knowledge and PEBs, and between attitudes and PEBs were analyzed by using SPSS 22 (Statistical Package for Social Sciences) software. Finally, the discussion of the results was carried out.
Results
Environmental Knowledge, Attitudes, and Pro-Environmental Behaviors (PEBs)
In Table 4 , levels of engagement in direct and indirect impact PEBs, environmental attitudes, and environmental knowledge are reported. Levels of engagement in direct and indirect impact PEBs and environmental attitudes were analyzed based on data collected from questionnaire surveys with the measurement based on the scale of 1-5. Overall, participants reported a higher level of engagement in indirect impact PEBs than direct impact PEBs in many items. For environmental knowledge, participants' knowledge acquisition was evaluated based on a scale of 0-3. The results revealed that participants gained the highest average score in knowledge of political ecology; however, the average scores of knowledge of SD and environment and ecology were almost equivalent and relatively low. Moreover, Table 4 also demonstrates the reliability of the scales used in the questionnaire as measured by Cronbach's alpha. All the variables exhibited good reliability, with Cronbach's alpha values greater than 0.70. Therefore, the data gained from the survey were reliable and proper for statistical analyses.
Characteristics of Participants, Environmental Knowledge, Attitudes, and Pro-Environmental Behaviors (PEBs)
First, the Kolmogorov-Smirnov (K-S) tests were performed to test whether data regarding students' environmental attitudes, and levels of participation in both direct and indirect impact PEBs were normally distributed. The results revealed that the distribution of environmental attitudes met the normality assumption indicated by K-S; Z = 0.72, p = 0.08. The distribution of data regarding both direct and indirect impact PEBs also met the normality assumption indicated by K-S; Z = 0.77, p = 0.09 and Z = 0.88, p = 0.10 respectively. Then, the difference in mean scores of environmental attitudes and levels of engagement in PEBs reported by the experimental group and control group was analyzed by performing a t-test (see Table 5 ). The result revealed that students participating in the environmental course reported significantly higher levels of environmental attitudes (M = 3.44, SD = 0.46) than students who did not participate in the environmental course (M = 3.28, SD = 0.42), t(276) = −3.09, p = 0.00. It was also found that their self-reported engagement in indirect impact PEBs was also significantly different. Students participating in the environmental course had reported a higher level of indirect impact PEBs (M = 3.79, SD = 0.59) than students not participating in the environmental course ((M = 3.63, SD = 0.63), t(276) = −2.20, p = 0.03. There was no a significant difference in the level of engagement in direct impact PEBs reported by both groups. However, the mean score of engagement level in direct impact PEBs reported by the experimental group (M = 3.59, SD = 0.58) was slightly higher than ones reported by the control group (M = 3.51, SD = 0.51). First, the result of correlation analysis revealed that environmental attitudes did not significantly correlate with both direct and indirect impact PEBs and had a significantly positive correlation with the knowledge of environment and ecology. However, the size of correlation was small, r(127) = 0.24, P < 0.01, two-tailed. Regarding direct impact PEBs, the result demonstrated that knowledge of environmental situations and political ecology had a positive correlation with direct impact PEBs, r(127) = 0.43, P < 0.01, and r(127) = 0.27, P < 0.01. Participants' engagement in indirect PEBs was significantly and positively correlated with knowledge of SD, r(127) = 0.39, P < 0.01. In addition, knowledge of political ecology and environmental situations were also significantly and positively correlated with indirect impact PEBs, r(127) = 0.24, P < 0.01, and r(127) = 0.18, P < 0.05. It was also found that each type of PEBs was significantly correlated with each other, r(127) = 0.38, P < 0.01. Moreover, most types of knowledge were also correlated with others. For instance, knowledge of political ecology significantly correlated with knowledge of SD, environment and ecology, and knowledge of environmental situations. The result of the analysis is depicted in Table 6 . Note: ** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level.
Discussion and Conclusions
First, the results of this investigation clearly revealed that there was significant difference in environmental attitudes and the engagement in indirect impact PEBs between students participating in the environmental course and students not participating in the course. A significant difference in students' engagement in direct impact PEBs was not found. Particularly, students who participated in the environmental course for seven weeks did not engage in direct impact PEBs at a significantly higher level than students who did not participate in the course. It is possible that a decision to act in an environment-friendly manner can be based on other more influential and diverse factors (e.g., infrastructure, motivation, sense of responsibility, and social norms) and require some time for students to act upon. Vicente-Molina et al. [62] suggested that motivation and perceived effectiveness of PEBs were very powerful to predict university students' engagement in PEBs. Heeren et al. [26] also indicated environmental knowledge was important, but not as important as social norms, attitudes toward PEBs, and perceived capability to perform PEBs to encourage American students in PEBs engagement. Based on this study's finding, formal environmental education can greatly bring some positive change to students' environmental attitudes and influence them to partake in indirect impact PEBs. The engagement in indirect impact PEBs such as supporting environmental policy in organizations and supporting goods and services from responsible business sectors may require fewer efforts and greatly rely on one's cognitive judgment based on self-awareness. Therefore, the role of environmental knowledge in influencing indirect impact PEBs could be sufficiently influential. For the engagement in direct PEBs, environmental knowledge provided through a formal environmental education might not be strong enough to bring a positive change. This finding can be supported by the study of Varoglu et al. [66] , which reported a moderate relationship between environmental knowledge and environmental attitudes of students in secondary school level in North Cyprus and found a weak relationship between environmental knowledge and PEBs.
However, this study did not find significant relationships between environmental attitudes and both of types of PEBs including direct and indirect impact PEBs. This means that students might not act in an environmentally responsible manner despite having high positive environmental attitudes. This result is consistent with the study of Mifsud [67] , which investigated several types of environmental knowledge, environmental attitudes, and direct impact PEBs of students attending postsecondary institutions in Malta. The results revealed that students exhibited strongly positive toward the environment but reported their engagement in few positive environmental actions. Similarly, Paço and Lavrador [68] also reported a weak relationship between environmental attitudes and PEBs of students from the University of Beira Interior. Unlike the study of Mifsud [67] and Paço and Lavrador [68] , an investigation carried out by Heyl et al. [69] revealed the potentiality of positive environmental attitudes in predicting PEBs of engineering students in a Chilean university.
For this study, it can be concluded that environmental knowledge provided through a formal environmental education can constitute students' environmental attitudes, but it is uncertain that the attitudes would turn to PEBs. Knowledge may influence PEBs through other variables such as motivation, social norms, and perceive self-efficacy, according to the suggestion of Vicente-Molina et al. [62] . The study of Mtutu & Thondhlana [70] and Heberlein [71] also exhibited that though having a positive environmental attitude, people may not always decide to participate in PEB because of external factors which are beyond the control of individuals. External factors, for instance, include infrastructure condition or access to relevant infrastructure. Students will engage in waste separation, if they can access to recycling bins. This study found that the result of t-test analysis demonstrated that students participating in the environmental course reported a significantly higher level of engagement in indirect impact PEBs than students who did not participate the environmental course, but a significant relationship between environmental attitudes and indirect impact PEBs was not found. It could imply that knowledge might influence indirect impact PEBs through other attributes. This finding contradicts with the study of Oreg and Katz-Gerro [72] , which stated that environmental knowledge potentially fosters an environmental attitude, which in turn influences any environmental behaviors.
In consideration of types of environmental contents that potentially foster environmental attitudes and contribute to students' engagement in both types of PEBs, it is hard to find relevant works of literature that investigate roles of specific environmental content in promoting types of PEBs. Therefore, the discussion in this part will be made based on only the results found in the study. This study has revealed that students having a high level of knowledge related to environment and ecology relatively reported a high level of positive environmental attitudes; on the other hand, other types of environmental contents were not significantly correlated. While studying about environment and ecology, students would be taught about interactions among organism in environmental system, ecosystem function, and environmental services. Therefore, having this basic knowledge, students would have the potential to evaluate environmental values and susceptibility of the environment and ecological systems to human behaviors; thus, a positive attitude toward the environment could be formed. For the knowledge relevant to students' engagement in direct PEBs, the result displayed that knowledge of environmental situations (e.g., the potential impact of climate change, pollution, ozone depletion, and ecological degradation) and knowledge of political ecology were positively and significantly correlated with such PEBs. It is possible that by understanding these issues, students could understand the seriousness of the current environmental problems and their root causes.
Consequently, a sense of urgency to take some actions can be constructed, and it can potentially affect students' decisions to perform environmentally. However, the result of t-test revealed no significant difference in the level of direct impact PEBs reported by students participating in the environmental course and students not participating in the course. This could be because knowledge of environmental situations and relevant knowledge of political ecology such as environmental politics were generally available in other informal sources such as media, public demonstrations about the environment, and environmental activities carried out by universities. The study of Zhang et al. [73] revealed positive relationships between news media use and people's engagement in two types of PEBs including environmental activism and consumerism. Similarly, Yu at. al. [74] indicated that people's understanding of environmental problems and media exposure significantly and positively contributed to the engagement in PEBs. However, to drive a significantly positive change in students' direct impact PEBs, other types of potential determinates should be further investigated, and environmental education should cooperate with those potential determinants.
Regarding indirect impact PEBs, the result revealed that knowledge of SD was moderately and significantly correlated with students' engagement in indirect impact PEBs. Knowledge of political ecology and environmental situations were also significantly correlated with such PEBs, but the relationships between them were weak. However, it could suggest that the combination of these environmental contents could allow students to recognize ultimate goals and benefits of SD in term of sustainably solving current environmental problems. Educated with knowledge of political ecology and environmental situations, students could understand several causes of environmental problems generated from political and socio-economic systems along with their seriousness. Students could, therefore, understand and recognize the significance of their roles in promoting sustainability goals through the support of environmental actions at an organizational level and regional level.
In conclusion, this study confirms a significant role of environmental knowledge and formal environmental education in fostering students' environmental attitudes and promoting indirect impact PEBs. However, students' engagement in direct impact PEBs (e.g., waster separation, energy-saving behavior, and reuse and recycling behaviors) cannot be enhanced by only students' participation in an environmental course. As found in the study of Geiger et al. [75] , though people had a high level of both general and environmental knowledge such as knowledge of ecological systems, sustainability issues, effective actions and environmental situations, their engagement in PEBs was merely average. Several studies indicated the influence of other factors on PEBs engagement. Those are such as situational conditions [76] , current behavior patterns [77] , and also socioeconomic characteristics including gender [27] , age [28] , educational level [29] , and income [30] . Students' engagement in direct PEBs can be also influenced by internal factors (e.g., awareness, personal norms, motivation, and perceived efficacy) and external factors (e.g., social norms and availability of infrastructure) [62, 78] .
However, it does not mean that environmental knowledge is not essential. This study demonstrated that students who possessed a high level of environmental situations and knowledge of political ecology relatively reported a higher engagement in direct PEBs, even though their relationships were not strong. Therefore, it could be suggested that both formal and informal environmental education should be provided in order to promote students' engagement in direct impact PEBs. This study also confirms that different types of environmental knowledge have distinct influence on each kind of PEBs. This conclusion is also supported by the work of Barber et al. [31] , which also indicated that different types of environmental knowledge contributed to different types of environmental behavior. This study revealed that knowledge of environmental situations was the most significant in promoting direct impact PEBs, whereas knowledge of SD was most significant in supporting indirect impact PEBs.
However, no single knowledge can totally influence students' PEBs; therefore, a combination of diverse environmental knowledge is suggested. This study found that knowledge of political ecology, SD, and environmental situations positively correlated with indirect impact PEBs. Therefore, providing diverse environmental contents is suggested to develop an environmental course for promoting student's attitudes and environmental behaviors.
Finally, there is a limitation in this research which should be addressed. Majority of participants in this study were in third and fourth year of bachelor's degree, and all of them were studying in the field of sciences and technology. Therefore, the results might not be proper to generalize for all university students. For the recommendations for future research, it can be suggested that students' participation in PEBs can be influenced by diverse factors which should be comprehensively and deliberatively investigated. In addition, it is also important to develop effective strategies for organizing environmental courses which can finally encourage students to engage in PEBs. Therefore, research on environmental education with respect to content structure and learning tools for university students are heavily essential.
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